Function and prosthesis technical problems were surveyed in 258 experienced paediatric lower-limb prosthesis wearers. The two-part survey form consisted of the modified Prosthesis Evaluation Scale and the core module of the American Academy of Orthopaedic Surgeons/Council of. Musculoskeletal Specialty Societies (AAOS/COMSS) Lower Limb Outcomes instrument. Eighty-eight percent (88%) of these paediatric subjects were able to wear their prosthesis more than 9 hours/day; only 3 subjects (1%) were not able to wear their limb at all. The average distance walked per day was reported to be 5.24 kilometres. Sixteen percent (16%) reported pain as "moderate" or worse. A majority reported not having a problem with perspiration, however, 20% had problems serious enough to limit prosthesis wearing time significantly. The most common reasons for temporary loss of limb use were pain (62 responses) and prosthesis failure (59 responses), followed by tissue breakdown (42 responses) and perspiration (30 responses). In general, the paediatric population achieves full use at a high rate, is much more active than the adult population, and experiences less limb pain
Introduction
It is widely recognised but poorly documented that children with lower limb deficiencies have distinctlv different clinical outcomes with than adults with comparable limb deficiencies. Demographic studies have established the preponderance of congenital amputations (approximately 2 to 1, congenital vs. acquired) and male dominance of acquired amputations (2 to 1, male to female) in the paediatric limb deficient population (Kegel e f af., 1978; Setoguchi and Rosenfelder, 1982; Krebs and Fishman, 1984; Ashley et al., 1992) . Only a few studies have considered functional or satisfaction outcomes in this group (Kegel et al., 1980; Ashley et al., 1992;  Pruitt et al., 1997) . These studies, which for this comparison are limited by size or by mixing of upper and lower limb deficiencies, suggest that children are generally more active and satisfied with their circumstance than their adult counterparts.
The purpose. of the current study was to evaluate the performance of prostheses, and functional status, of a large sample of children with lower limb deficiencies, who have been fitted with a prosthesis and are followed in the outpatient Limb Deficiency Clinics at the authors' institutions.
Methods
The study design was observational and crosssectional, consisting of a two-part written survey. The first part of the survey was based on the Prosthesis Evaluation Scale (PES), originally developed for adult analyses (Fishman, 1966) 
Results
There were 258 subjects, 43% female and 57% male. The age groupings are shown in Figure 1 . Seventy-two percent (72%) of the subjects had limb deficiencies with a congenital etiology, 28% acquired (trauma, tumour, infection). These characteristics are closely similar to those previously observed for the paediatric population in USA (Krebs and Fishman, 1984) . There were 5 cases of hip disarticulation, 95 above the knee level (30 trans-femoral, 37 proximal femoral focal deficiencies treated with ankle disarticulation and knee fusion, and 28 knee disarticulations), 194 below the knee level (80 trans-tibia1 amputations, 113 ankle disarticulations), and 5 partial foot deficiencies. Forty (40) subjects had bilateral deficiencies, so that there were 298 limbs total.
In much of the following data presentation, three larger subject categories are used; bilateral, above-knee and below-knee. All subjects with bilateral deficiencies are placed in the bilateral category. Subjects with a unilateral deficiency, and a prosthetic knee joint are placed in the above-knee category (hip disarticulation, transfemoral amputation, proximal femoral focal deficiencies and knee disarticulation). Subjects with a unilateral deficiency, and a biologic joint are placed in the below-knee category (trans- Eighty-eight percent (88%) of the subjects reported being able to wear their limbs 9 hours or more per day; only 3 subjects (1%) were not able to wear their limb at all ( Fig. 2 and Table 1 ). The average distance waked per day, selfreported was 5.2 kilometres (Fig. 3) . Twelve (12) subjects (5%) reported being able to walk less than one-half mile per day. Eighty-two percent (82%) missed five or less days of school per year due to their limb ( Fig. 4) .
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worse by 16% of children ( Table 2) . Similar questions on the AAOS instrument were answered in a comparable manner, with 15% reporting pain as moderate or worse. Pain was most frequently reported during strenuous activities or walking on uneven ground; and was less frequent during quiet activities. Pain while lying in bed was infrequent, with 92% reporting "no pain at all" and only 9 subjects (4%) reporting bedtime pain as moderate or worse. A majority reported not having a problem with perspiration, however, 20% had problems serious enough to limit significantly prosthesis wearing time (Fig. 5) . Perspiration data appeared to be bimodaleither the subjects had no problem with perspiration, or they had serious problems.
The most common reasons for temporary loss of limb use were pain (62 incidences reported) and prosthesis failure (59 incidences), followed by tissue breakdown (42 incidences) and perspiration (30 incidences). Feet, knees and cosmetic foam covers were the components most frequently failing. Function was the first priority with the prosthesis in the children's AK: unilateral with prosthetic he; Bilateral: all respondents with bilateral deficiency. 0: perspiration is "not noticeable"; 1: "noticeable but not a problem"; 2: "so much that it is uncomfortable"; 3: "so much that I must occasionally remove the prosthesis"; 4: "so much that I develop skin irritation and cannot wear the prosthesis for a significant amount of time".
minds, particularly the ability to walk (34% of subjects), play sports (20%), and go to school or work (10%). Comfort was first priority with 28%, while cosmesis 'was cited as the first priority only 8% of the time. This was apparently not merely a case of competing priorities, as many of the subjects reported being "very happy" (43%) or "somewhat happy" (3 1 %) with the appearance of their prosthesis. The most common activities, in order of declining frequency were swimming (154 responses), indoor chores (153), running (150), outdoor chores (142), bicycling (1 35), and basketball (108).
The scores from the AAOS instrument are given in Table 3 . The slight differences in the mean scores are not statistically significant. Comparison of these scores versus instrument norms in a future study will allow assessment of the overall lower limb functional status of the paediatric population. The authors also examined a sub-set of the data from only those subjects who were not fully rehabilitated. Were the problems this group was having different from those of the general study population? The subjects were separated into three groups; those who reported wearing limbs 12+ hours, those between 12 and 9 hours, and those less than 9 hours. The responses for these groups were unremarkable, compared to that for all subjects, except for the obvious conclusion that perspiration problems diminished when the limb was worn less. The major problems of this sub-set were pain and skin breakdown.
Discussion
In these subjects, fitting a lower-limb prosthesis was usually a very successful treatment, resulting in high levels of rehabilitation. The reported level of use was very high. Nine (9) out of 10 subjects wore the limbs 9+ hourslday, with 3 of 4 having virtually unlimited use >12 hours/day ( Table 1) . These results can be compared to adult surveys, where only 60-65% reported 9+ hours/day (Fishman, 1966; Hagberg et al., 1992; Hoaglund et al., 1983; Moore et al., 1989; Nielsen, 1991; Pohjolainen et al., 1990; Sapp and Little, 1995) . Only 1% of paediatric subjects was not able to wear their limb at all, as compared to 10-15% in adult surveys. These results hold across amputation levels as opposed to adult amputees where non-use levels in trans-femoral amputees are at 40-45%. It should be noted however, that the paediatric data are very similar to those reported for a younger traumatic adult population (Fishman, 1966) .
Children are also very active, walking an average of 5.2kmlday (self-reported). The data include 9 bilateral amputees walking more than 5kmJday. The reported distance walked, 5.2km/day, is five times that reported for adults, 0.7 to 1.3kmlday (Hoagland et al., 1983; Pohjolainen et al., 1990) . Even allowing for error and exaggeration in these self-reported data, the level of mobility implied is remarkable relative to adult experience. These results are consistent with the Ashley paediatric survey (1992) , in which 95% of the children were "community ambulators"; and the paediatric study by Pruitt et al. (1997) , where only 14% of upper and lower limb deficient subjects reported not using their prosthesis at all. Further, children report pain at a much lower rate than adults; 16% "moderate" or worse, versus 54-57% for adults (Table 2) . Finally, perspiration related discomfort is also much lower in children than adults, 20% versus 70%.
Ankle-level end-bearing limbs are more common in children than in adults. Half of the limbs in this survey were ankle level; 113 (38%) ankle disarticulations with otherwise full limbs, and 37 (12%) disarticulations secondary to PFFD. The incidence in adults has been reported at 2% (Hoaglund et al., 1983) .
What technical improvements do children need in their prosthetic limbs? The most common reasons for temporary loss of limb use were pain and component failure, followed by tissue breakdown due to perspiration, pressure, and chafing. Pain and pressure-related tissue breakdown are functions at least partially of socket fit. Hence, improving fit may be the most relevant issue. Broken prostheses were common; with feet, knee components, and cosmetic foam covers most often reported. Perspiration-related problems do not occur in the majority of the paediatric population, but there is a significant minority (20%) in whom there are real problems. This appears to be a bimodal population with few subjects in the middleeither there is no problem, or the problem is serious.
A shortcoming of this study is that it did not separate out poor socket fits due to limb growth from poor socket fits due to other causes. Optimal socket fit in a growing child may require prosthetic adjustment or replacement as frequently as every 12-18 months, a rate that is currently not supported by third party payers in USA.
Conclusions
Children who wear lower limb prostheses achieve full use status at a higher rate than the adult population, and are much more active. Markedly fewer children than adults experience significant pain (16% versus 54-57%). Nonetheless, the most common reason for temporary loss of use of the prosthesis is pain, along with broken components. Tissue breakdown, due to pressure, chafing and perspiration was the next most common problem. The most relevant issues for research may be improving socket fit, making components with the durability necessary for paediatric use, and providing socket ventilation.
